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Stromal cell-induced miRNA alteration in chronic lymphocytic leukemia: how a minute and unavoidable cell contamination impairs miRNA profiling Leukemia (2013) 27, 1773-1776; doi:10.1038/leu.2013.43
Chronic lymphocytic leukemia (CLL) is characterized by the accumulation in the blood and the primary lymphoid organs of long-lasting, mature, but non-functional B lymphocytes. Interactions of leukemic cells with the microenvironment are known to be critical for CLL cell survival in vivo.
1 Indeed, CLL cells can survive for long time periods in vivo while cells are undergoing apoptosis quickly in vitro. This spontaneous apoptosis and the sensitivity of CLL cells to drugs observed in vitro are strongly reduced in the presence of stromal cells, [2] [3] [4] [5] which provide stimuli to CLL cells mainly via direct contact. Mimicking in vivo conditions to investigate the mechanisms involved in CLL resistance thus requires the setup of coculture systems. MicroRNAs (miRNA) represent important regulators of gene expression and contribute to CLL pathology. [6] [7] [8] Recently, an extensive alteration of miRNA levels in CLL cells was reported after direct culture on stromal cells. 9, 10 In an attempt to investigate CLL cells' influence on stromal cell miRNome, we first performed miRNA profiling (GeneChip miRNA Arrays, Affymetrix, High Wycombe, UK) of three different stromal cells (primary human bone-marrow mesenchymal stem cells (BM-MSC), human stromal cell line (HS-5) and human microvascular endothelial cell line (HMEC-1)), commonly used in coculture experiments with CLL cells. [2] [3] [4] [5] 11, 12 Interestingly, several miRNAs highly expressed in our stromal cells' miRNA screening (Supplementary Table 1) were recently reported as almost undetectable in CLL cells and strongly induced by stromal cells. 9 The facts that direct coculture experiments were used 9 and that stromal cells express high levels of these miRNAs raise questions about the possible alteration of miRNA levels resulting from contamination of CLL cell suspensions by stromal cells or debris. To address this issue, we examined whether a small number of Accepted article preview online 14 February 2013; advance online publication, 5 March 2013 Letters to the Editor contaminating stromal cells could potentially impact the profile of specific miRNAs in the CLL suspensions during coculture experiments. We first quantified RNA in primary CLL, human stromal cells (BM-MSC, HS-5 and HMEC-1) and mouse fibroblasts NIH/3T3. As shown in Figure 1a , CLL cells contain a remarkably lower quantity of RNA than the different stromal cells used (7-25 times less). We then focused on two miRNAs of the miR-125b/miR99a/let-7c cluster, miR-99a and miR-125b, which have been reported to be particularly induced in CLL cells cultured on stromal cells. 9, 10 We quantified these two miRNAs by real-time PCR using
TaqMan miRNA assay (identical sequences between humans and mice). Ct values were plotted against several numbers of cells (Figures 1b and c) using the relationship between RNA quantity and number of cells described in Figure 1a . All stromal cells tested were found to express very high levels of these two miRNAs, while they were barely detectable in CLL cells (Ct value of 36.7 for miR-99a, 35.7 for miR-125b; threshold value 0.07). On the basis of these results, we estimated the levels of miR-99a and miR-125b in CLL cell suspensions in the presence of contaminating stromal cells at a 1:1000 stromal:CLL cell ratio ( Figure 1d ). Important fold changes were calculated (up to 850), thereby confirming that a high number of CLL cells with low RNA content and barely detectable miRNAs contaminated with a very low number of stromal cells with a high RNA content and strongly expressed miRNAs could lead to erroneous profiling of some miRNAs in CLL cells. Thus, the presented results put question marks on recent findings indicating the induction of specific miRNAs in CLL cells after culture on stromal cells. 9, 10 In order to further confirm our results, we performed coculture experiments of CLL cells with different types of stromal cells. CLL cells were collected after 24 h by gentle pipetting to recover all CLL cells. A careful microscopic examination confirmed the overall integrity of the stromal cell monolayer. MicroRNA analysis of the recovered cells showed a dramatic increase in miR-99a and miR125b levels (Figure 2a ), confirming the results described by Willimott and Wagner 9 using mouse fibroblast stromal cells. In contrast, the increase in miR-9 levels reported in CLL cells after culture on mouse fibroblasts 9 was not detected after culture on BM-MSC or HMEC-1 cells (data not shown). Interestingly, miR-9 could not be detected in BM-MSC and HMEC-1 cells but was more abundant in NIH/3T3 cells.
To investigate the possible transfer of miRNAs from stromal cells to CLL cells through extracellular vesicles 13 or through gap junctional intercellular communication (GJIC), 14 CLL and stromal cells were cocultured separated by a membrane (0.4 mm pores, Letters to the Editor Transwell, Corning, Amsterdam, The Netherlands) or in the presence of the GJIC inhibitor 1-octanol (0.5 mM, Sigma, Diegem, Belgium). We observed that the membrane abolished the miR-99a and miR-125b level increase in CLL cells, while the GJIC inhibitor did not exhibit any effect (data not shown). These results rule out the transfer of these miRNAs from stromal to CLL cells by extracellular vesicles or GJIC.
We then investigated if the increase observed was due to a contact of CLL cells with stromal cells or due to the presence of contaminating stromal cells/debris in the culture medium. To this end, CLL cells and stromal cells were cultured separately. After 24 h, stromal cell supernatant was collected and added to the CLL cell suspension. After centrifugation, RNA was immediately extracted from the cell pellet. In parallel, RNA was isolated from CLL cell suspensions collected from 24-h cocultures with stromal cells. In both cases, supernatants and CLL suspensions were removed from wells without any prior pipetting to avoid any cell detachment. MicroRNA quantification in CLL cell suspensions revealed comparable increases in miR-99a and miR-125b levels when CLL cells were cultured on stromal cells or when stromal cell supernatant was added to CLL cells (Figure 2b ). In addition, 24-h stromal cell supernatants were recovered, centrifuged, and RNA was extracted from the cell debris pellets (Figure 2c ). MicroRNA quantification indicated the presence of both miRNAs at levels comparable to those previously observed in CLL cells cocultured with stromal cells (Figure 2b ). These results confirmed that the presence of a reduced number of stromal cellular debris is sufficient to lead to misinterpretation of miRNA detection in CLL cell suspensions. In order to prove that the increase in miRNA level observed in CLL cells after coculture is due to a contamination with a very small number of stromal cells, we quantified miR-99a and miR-125b in CLL cell populations intentionally contaminated by stromal cells at a ratio of 1 stromal cell per 1000 CLL cells (that is, CLL pure at 99.9%). As shown in Figure 2d , miRNA levels are dramatically increased by the addition of stromal cells to the CLL suspension to a similar extent as observed in the coculture experiments (Figures 2a and b) and predictive calculations (Figure 1d ). The presented results show that the increased level of some miRNAs observed in CLL cells after culture on stromal cells is in fact due to a very small number of adherent cells contaminating the RNA preparations rather than a proper induction triggered by stromal cells. Further support for our observations regarding miR-125b has been provided in a recent study showing that miR-125b downregulation in CLL cells leads to a beneficial metabolic adaptation (that is, Warburg effect) to cancer transformation. 15 As miR-125b may act as a tumor suppressor in CLL cells by restraining the Warburg effect, stromal cell induction of this miRNA would be a deleterious mechanism for CLL cells and therefore appears unlikely.
In summary, the presented observations highlight that under specific experimental conditions, a very limited number of contaminating cells can lead to artifactual results regarding miRNA quantification. The present report emphasizes the need for proper controls in complex coculture systems. In light of this study, cell sorting from mixed cell populations even to a 99.9% purity may not always prevent from making improper conclusions related to miRNA expression. Given the high sensitivity of the current methods, similar concerns may also relate to mRNA and protein analyses.
